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Intralesional microbleeding in resected thymic cysts indeterminate
on imaging
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Background: The propensity of thymic cysts to mimic solid thymic epithelial tumors (TETs) on computed
tomography (CT), on account of attenuation values greater than water and thickened or calcified walls, can
lead to non-therapeutic thymectomy. These lesions can fluctuate in volume, CT attenuation, and magnetic
resonance imaging (MRI) signal over time. We hypothesized that spontaneous hemorrhage and resorption
may contribute to their variable appearance over time.

Methods: Completely excised thymic cysts were identified retrospectively over a 20-year period by their
pathologic diagnosis. Cysts were excluded if they did not have available presurgical imaging, were not
prevascular, were located within or contained an enhancing mass by imaging, or were of non-thymic origin
upon microscopic review. Histopathological analysis of all available resected thymic cyst material and
radiologic analysis of the cysts on pre-operative imaging were performed.

Results: Upon application of exclusion criteria, we identified 18 thymic cysts from the initial 85 mediastinal
cystic specimens. Most cysts were unilocular (11/15, 73%), showed turbid-to-semisolid, hemorrhagic fluid
(10/12, 83%) and showed histopathological findings suggestive of intralesional microbleeding (14/18, 78%),
remodeling (8/18, 44%), pathological wound healing/scarring of the capsule (16/18, 89%), and fat necrosis
in the surrounding thymic tissue (12/18, 67%). On CT, 6/17 (35%) cysts demonstrated wall calcification.
Sixty-five percent (11/17) had attenuation values >20 Hounsfield units (HU). Two of the 4 cysts imaged by
MRI were T'1-isointense, one was mixed hyper- and isointense, and one T1-hypointense to muscle, with iso-
and hyperintensity indicating hemorrhagic or proteinaceous content. Twenty-five percent (1/4) of cyst walls
imaged by MRI were T'1/T2-hypointense, indicating presence of calcification, hemosiderin, and/or fibrosis.
Conclusions: Resected thymic cysts in this cohort often showed features suggestive of intralesional
microbleeding, inflammation, and fibrosis, which may explain their appearance and behavior over time on

CT and MRI.
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Introduction

Thymic cysts are benign lesions that can be misinterpreted
on computed tomography (CT) as thymic epithelial tumors
(TETs) by experienced radiologists and thoracic surgeons,
leading to non-therapeutic thymectomy (1).

Several studies have reported non-therapeutic
thymectomy rates greater than 25% (1-3). A more recent
investigation showed that a majority of unilocular thymic
cysts, as defined by an index magnetic resonance imaging
(MRI) examination and followed for more than 5 years,
changed in volume (91%), CT attenuation (43%), and
T1-weighted MRI signal intensity (67 %) over time.
Additionally, 16% of unique thymic cysts developed wall
calcification at some point during this longitudinal study,
and a majority also had CT attenuation values greater than
that of water, indicating hemorrhagic and/or proteinaceous
content. The thymic cysts ranged in attenuation from 0
to 100 Hounsfield units (HU). These described imaging
features on CT mimic those of solid, malignant thymic
neoplasms, which may explain their misinterpretation.
No thin-walled unilocular thymic cyst, as initially defined
by MRI, developed irregular wall thickening, mural
nodularity, or septations during more than 5 years of
follow-up (4). Malignant transformation of thymic cysts
has been reported as extremely rare and to occur almost
exclusively in multilocular thymic cystic lesions (5-10).
However, review of these case reports of “transformed”
multilocular thymic cysts brings to light that the occurrence
of malignant transformation has been presumed, exclusively
on the basis of the finding of cancer in the cyst wall. No
case report that we have found provides prior imaging or
other information to prove that the lesion commenced as
a benign thymic cyst and subsequently transformed. In
a case report describing a unilocular cystic thymic lesion
that “transformed into” a papillary adenocarcinoma (5),
the imaging at presentation showed the lesion to have an
irregular, lobulated, asymmetrically-thickened wall on CT,
features more compatible with a cystic thymoma or cystic
thymic carcinoma, than a benign thymic cyst (6-9). Hence,
to date and to our knowledge, there may be no proof of
malignant transformation of these lesions in the literature.

We performed this study to examine the histopathological
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basis for the fluctuation in size and appearance of these
lesions over time, which continues to baffle CT interpretation
and affect surgical decision-making. We hypothesized
that chronic, recurrent hemorrhage and resorption may
explain the fluctuation in size, CT attenuation, and T1-
weighted MRI signal of these lesions. We present the
following article in accordance with the STROBE reporting
checklist (available at https://med.amegroups.com/article/
view/10.21037/med-22-42/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This Health
Insurance Portability and Accountability Act (HIPAA)-
compliant study was reviewed and approved by the Mass
General Brigham (MGB) Institutional Review Board (IRB),
under the protocol number 2020P000187, and informed
individual consent for this retrospective analysis was waived.

Case identification

The Massachusetts General Hospital (MGH) Pathology
Archives Database search for the terms “thymic cyst”,
“mediastinal cyst”, and “thymic bed cyst” was performed to
identify completely excised mediastinal cysts between April
2000 and May 2020. The resultant cases were reviewed,
and final diagnoses were made based on histological and/
or immunohistochemical (IHC) studies by a board-certified
pathologist. The diagnostic hematoxylin and eosin (H&E)-
stained slides, along with ancillary immunohistochemical
stains, if present, were retrieved from MGH surgical pathology
archives. The diagnostic criteria were based on prior published
classifications of mediastinal cystic lesions (11).

Inclusion criteria for this study were: (I) a confirmed
pathological diagnosis of benign thymic cyst after a
microscopic assessment of the diagnostic histological
material; (IT) completely resected, rather than partially
sampled lesions; (III) available preoperative cross-sectional
imaging; and (IV) available histopathological material.
Upon imaging review, cases were excluded if the epicenter
of the lesion was not in the upper two-thirds of the
prevascular mediastinum or if the cyst was located within,
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or contained, an enhancing mass.

Demographic data and clinical course

Demographic and clinical data were obtained from the
MGH electronic medical record. Demographic and clinical
data included age at surgery, sex, race, anatomic site,
tumor size, body mass index (BMI, in kg/m?), presenting
symptoms, comorbidities, clinical indication for imaging
studies, and clinical indication for surgical resection.

Histopathological evaluation

Gross pathological data on the resections and hematoxylin
and eosin (H&E)-stained slides included: specimen
measurements, cyst dimensions (including gross maximum
diameter), architectural macroscopic configuration
(unilocular or multilocular), cyst fluid characteristics (when
available), and nature of the excision (intact vs. disrupted or
morcellated).

Prior to the microscopic evaluation of the retrieved
diagnostic H&E-stained slides, a joint panel of two
pathologists and a subspecialty-trained thoracic radiologist
with 24 years of experience defined and selected by full
consensus the histopathological features to be systematically
collected in each case.

Re-analysis of the histopathological features of the cyst
epithelial lining, cyst wall, surrounding thymus, and cavity
contents was performed for this study by a board-certified
pathologist who was blinded to clinical and radiological data.
A detailed list of the microscopic findings evaluated in this
study is provided in the Supplementary file (Table S1).

Imaging analysis

The CT and/or MRI performed closest to the date of
surgery for each patient was reviewed on a Visage (Version
7.1.15, Build 3056) Picture Archive and Communication
System (PACS) by a subspecialty-trained thoracic
radiologist with 24 years of experience. The following data
(Table S2) for each cyst were recorded: size—transverse,
anteroposterior, and craniocaudal; morphology—round,
oval, saccular, lobulated-saccular; locularity—unilocular,
multilocular, indeterminate; qualitative CT attenuation
relative to non-fatty chest wall musculature on the same
image; quantitative CT attenuation in HU by round or
elliptical (depending upon cyst shape) region-of-interest
(ROI) placement over as much of the fluid component of
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the lesion as possible and excluding artifacts to the greatest
degree possible; T1-weighted and T2-weighted MRI
signal relative to muscle—hyper-, iso-, or hypointense;
character of cyst wall on CT, whether thin and smooth,
irregular, nodular, or a mixture of these; presence of wall
enhancement on MRI (not evaluable by CT as only one CT
was performed without and with intravenous (IV) contrast
and wall of this cyst on CT was not discernible); maximal
wall thickness on contrast-enhanced CT; maximal wall
thickness on post-contrast MRI; presence of calcification;
distribution of calcification—punctate or circumferential;
and T1- and T2-weighted wall signal on MRI. A box listing
the CT and MRI scanner hardware and software is provided
in the Supplementary file (Box S1).

Statistical analysis

Descriptive summary statistics were summarized for the
overall cohort. The data was analyzed using Microsoft
Excel, and the results reported as mean + one standard
deviation (SD). Missing data was reported when applicable.

Results

We found a total of 85 completely resected mediastinal
cyst specimens from 85 patients in the MGH Pathology
Archives Database over the 20-year study period. Of these,
33 lesions were classified as thymic cysts. Upon review
of the exclusion criteria, we identified 18 thymic cysts
that met our pre-specified criteria. A flow diagram of the
study cohort is provided in Figure 1. The nature of the
remaining mediastinal cysts is provided in Table S3 of the
Supplementary file.

Clinical characteristics

Patient demographics are provided in Table 1. The
median age at resection was 60.5 (range, 45-77 years).
The female:male ratio was 1.3. Most cysts were found
incidentally (10/18, 56%) in the setting of CT imaging
performed for other reasons (e.g., low-dose CT screening
of smokers). Based upon preoperative imaging, only 3 cysts
were classic simple cysts but were nonetheless removed
(1 was incidental to concomitant coronary bypass surgery,
1 was clinically suspected to be a brachial cleft cyst, and
1 was removed due to patient preference). The other
15 patients had imaging features interpreted as most
consistent with a complex cystic lesion or a thymic tumor.
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Figure 1 Flowchart shows the inclusions and exclusions that
yielded the final study cohort of pathologically and radiologically
eligible thymic cysts cases for the full study cohort.

Cysts were often found in asymptomatic patients (8/18,
44%), but also in patients presenting with chest pain (5/18,
28%), shortness of breath (2/18, 11%), or cough (2/18, 11%).

Gross pathological findings

All cysts were completely excised, but three were disrupted
on macroscopic examination and, in all of these, the
intracystic fluid was discarded at the time of surgery and
pathologic examination and therefore unavailable for direct
examination for the purpose of this study. Most cysts were
unilocular (11/15, 73%), with a gross maximum diameter
range of 1.5-11.2 cm (mean = SD: 4.2+2.7 ¢cm). When
reported prior to fluid discard at time of surgery or at initial
histopathologic evaluation, most cysts contained turbid-to-
semi-solid, tan, hemorrhagic fluid (10/12, 83%); only two
cysts (2/12, 17%) contained clear, serous-appearing fluid.

Histopathological microscopic characteristics

Diagnostic H&E-stained slides were analyzed
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Table 1 Patient demographics

Characteristics Number of cases [%)]
Age (years), mean + SD 60.5+9.9
Sex ratio (F:M) 1.3
BMI (kg/m?), mean + SD 27.9+4.0
Symptoms
Asymptomatic 8 [44]
Chest pain 5[28]
Shortness of breath 2 [11]
Cough 2 [11]
Other 2 [11]
Concomitant conditions
None 12 [67]
History of thromboembolic events 3[17]
History of smoking 3[17]
Connective tissue disease 4 [22]
NSIP 16]
Hashimoto’s thyroiditis 2 [11]
Mixed connective tissue disease 11[6]
Dermatomyositis 11[6]
Primary biliary cirrhosis 11[6]
Sjogren’s 11[6]
Neoplastic 0
Other 4 [22]

SD, standard deviation; M, male; F, female; BMI, body mass
index; NSIP, nonspecific interstitial pneumonia.

histopathologically. Detailed histopathologic findings of the
retrieved thymic cysts are described in Table 2.

Findings suggestive of recent microbleeding and
trauma or inflammation

Most thymic cysts (14/18, 78%) showed findings suggestive
of intralesional microbleeding, trauma, and/or inflammation
in the capsule or cavity of the cyst (Figures 2,3), which
included: stromal capsular hemorrhage (10/18, 55%), fibrin
deposition in the lumen wall (4/18, 22%), patchy epithelial
denudation (6/18, 33%), hemosiderin deposition in the
capsule (8/18, 44%) or in the cavity contents (7/18, 39%),
and presence of hemosiderin-laden macrophages in the
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Table 2 Histopathological features of thymic cysts

Microscopic findings Number of

cases [%]
Findings suggestive of microbleeding and trauma 14 [78]
Stromal capsular hemorrhage 10 [55]
Luminal fibrin deposition 4 [22]
Focal epithelial denudation 6 [33]

Extracellular hemosiderin deposition

In capsule 8 [44]
Inside cyst cavity 7 [39]
Hemosiderin-laden macrophages 6 [33]

Findings suggestive of remodeling and organization 8 [44]

Granulation tissue 5[28]
Histiocyte lining in areas of denudation 2[11]
Cholesterol clefts in capsule or cavity 3[17]
Foam and/or giant cells 3[17]
Acute Inflammatory infiltrate 2[11]
Findings suggestive of chronicity and scarring 16 [89]
Chronic inflammatory infiltrate 12 [67]
Capsular fibrosis 12 [67]
Hyalinosis 11 [61]
Calcifications 6 [33]
Heterotopic osseous and myeloid metaplasia 11[6]
Findings in adjacent thymic tissue 18 [100]
Involution 16 [89]
Fat necrosis 11 [61]
Microcystic Hassall’s corpuscle formation 5 [28]
Lymphoid follicular hyperplasia 3[17]
True thymic hyperplasia 11[6]

cyst cavity (6/18, 33%). Additionally, most cases showed
fat necrosis in the surrounding thymic tissue (12/18, 67%).
Patchy necrosis and necrotic debris were also commonly
seen in the capsule (7/18, 39%) and cavity (8/18, 44%),
respectively.

Findings suggestive of remodeling and organization

A large proportion (8/18, 44%) of thymic cysts also
showed findings suggestive of recent remodeling or
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reorganization of their architecture (Figures 4,5), which
included: presence of granulation tissue (5/18, 28%)
and histiocytic lining (2/18, 11%) in areas of epithelial
denudation, presence of cholesterol clefts in the capsule
or cavity (3/18, 17%), presence of acute inflammatory
infiltrate (2/18, 11%), and presence of foam and/or giant
cells in the capsule (3/18, 17%).

Findings suggestive of chronicity and established
fibrosis

An overwhelming majority of cysts (16/18, 89%) showed
findings suggestive of chronicity, pathological wound
healing, and scarring of the capsule, including: presence of
chronic inflammatory infiltrate (12/18, 67%), collagenous
fibrosis (12/18, 67%), hyalinosis (11/18, 61%), calcifications
(6/18, 33%), germinal center formation (3/18, 17%), and
heterotopic osseous and myeloid metaplasia (1/18, 6%).

Additional findings in the surrounding thymus

The surrounding thymic tissue was involuted in most
resections (14/18, 78%). Lymphoid thymic hyperplasia was
present in three cases, and true thymic hyperplasia was seen
in one case. Microcystic Hassall’s corpuscle formation was
seen in a number of cases (5/18, 28%).

Imaging findings

A total of 17/18 (94%) thymic cysts were imaged
preoperatively by CT, with 3/18 by both CT and MRI
and 1/18 (6%) exclusively by MRI. 12/17 (70%) CTs were
performed with iodinated IV contrast, 4/17 (24%) CTs
were performed without IV contrast, and 1/17 (6%) was
performed without and with IV contrast. All 4 (4/4) MRIs
were performed without and with IV contrast (gadolinium).
The mean + SD, median, and range of the interval between
preoperative imaging and surgery in days was for CT (n=17):
6957, 49, 6-224 days and for MRI (n=4): 55+57, 53,
11-103 days.

On CT, 11/17 (65%) thymic cysts had attenuation values
>20 HU indicative of hemorrhagic and/or proteinaceous
content. A total of 6/17 (35%) cysts demonstrated wall
calcification. Fifty percent (2/4) of cysts imaged by MRI
were T'l-isointense, 1/4 (25%) was mixed T1-hyper- and
isointense, and 1/4 (25%) T1-hypointense to muscle, with
latter two T'1-weighted signal characteristics compatible
with hemorrhagic and/or proteinaceous content. One
of the four (25%) cyst walls imaged by MRI was T1/
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Figure 2 Axial and sagittal chest CT with IV contrast of a 63-year-old man (A,B) performed 8 months prior to surgery show a 65 mm x
36 mm x 48 mm (TRV, AP, CC), 39 HU cystic lesion (blue arrows), with this attenuation value indicating hemorrhagic and/or proteinaceous
content. Pre-operative axial and sagittal IV contrast-enhanced images (C,D) show a smaller, 40 mm x 32 mm x 43 mm (TRV, AP, CC)
cyst, of lower attenuation (15 HU), and with an irregularly thickened wall (green arrows). Histologic images of H&E-stained sections
of the completely resected thymic cyst show the fibrotic cyst wall of the cyst (E, x40 magnification on microphotograph) with fibrin
thrombus attached to the luminal side of the wall (black arrows). The surrounding involuted thymic tissue (inset 1, x200 magnification on
microphotograph panel E) shows fat necrosis (black arrows). There is large fresh capsular hemorrhage contained within the fibrotic wall (F,
x100 magnification on microphotograph). The capsular hemorrhage (insets 2 and 3, x200 magnification on microphotograph panel F) shows
granulation tissue with myofibroblast proliferation (black arrowheads), hemosiderin deposition (green arrowheads), and fresh red blood

cells (asterisk). CT, computed tomography; IV, intravenous; TRV, transverse; AP, anteroposterior; CC, craniocaudal; HU, Hounsfield units;

H&E, hematoxylin and eosin.

T2-hypointense, indicating presence of calcification,
hemosiderin, and/or fibrosis in the wall. The accompanying
CT showed wall calcification. Two of the four cysts imaged
by MRI were multilocular, one of the four was unilocular,
with an irregularly thickened, enhancing wall, and the
fourth cyst imaged by MRI was unilocular with thin,
smooth wall enhancement, though misinterpreted as solid
on account of an interpretive pitfall related to a suboptimal
MRI protocol in 2004. A complete tabulation of recorded
CT and MRI characteristics of the thymic cysts is provided
in Table S4.

Discussion

In this case series of resected thymic cysts, we report a
high proportion of histopathological findings suggestive

© Mediastinum. All rights reserved.

of microbleeding, remodeling, and wound healing in
these lesions. The fairly common finding of adjacent fat
necrosis suggests prior trauma, infection, or inflammation
as an inciting agent. The T1/T2-weighted MRI signal
characteristics and the CT attenuation of the majority of
resected cysts were consistent with hemorrhagic and/or
proteinaceous content. The irregularity and thickening of
some of the walls on CT and MRI, in the setting of benign
disease, therefore may have represented sequelae of chronic
recurrent hemorrhage and/or inflammation. As shown in
prior studies, thymic cysts can mimic thymic neoplasms on
imaging (1), on account of their fluctuation in volume, CT
attenuation, and MRI signal over time and on account of
wall thicknesses exceeding 3 mm (4). However, the cause of
these changes has not been investigated until now.

As most of our cases showed evidence of recent
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Figure 3 Axial and sagittal non-contrast chest CT images of a 46-year-old woman (A,B) show a 26 mm x 24 mm x 29 mm (TRV, AP,
CCQC), lobulated, well-circumscribed, 27 HU, homogenously attenuated mass in the thymic midline (green arrows), differential diagnosis
of which includes an isoattenuating hemorrhagic and/or proteinaceous thymic cyst, whether unilocular or multilocular, and a TET, with
isolated prevascular lymphadenopathy less likely. Histologic images of H&E-stained sections of the completely resected thymic cyst show
a large organizing thrombus (C, x40 magnification on microphotograph, long black arrows) attached to the cyst wall on the luminal aspect
of the cyst (short black arrows). The thrombus (D, x200 magnification on microphotograph) shows organizing granulation tissue with
myofibroblast proliferation (black arrowheads), surrounding the fibrin clot (asterisks). The surrounding involuted thymic tissue (E, x200
magnification on microphotograph) shows degenerating adipocytes that have lost their nuclei (green arrows) and are surrounded by fibrosis

and chronic inflammation, consistent with fat necrosis. CT, computed tomography; TRV, transverse; AP, anteroposterior; CC, craniocaudal;

HU, Hounsfield units; TET, thymic epithelial tumor; H&E, hematoxylin and eosin.

microbleeding along the luminal surface of the cyst,
increases in volume of the total cyst fluid due to blood
spillage into the cyst cavity could hypothetically increase
the intraluminal pressure, further increasing the wall
tension of the cyst and precipitating more bleeding and
remodeling. Spontaneous bleeding within the thymus has
been reported in a previously healthy patient with sudden-
onset left-side chest pain, in which a thymic cystic mass
progressively enlarged 18 days after initial imaging at
presentation, prompting surgical resection, The resected
specimen demonstrated an enlarged hemorrhagic thymus
with a hemorrhagic cavity. Microscopic examination
revealed a normal involuted thymus with scattered thymic
tissue and significant hemorrhage in the medulla (12). As
several studies have demonstrated that mechanical tension
drives tissue remodeling through different mechanisms,
including fibroblast-to-myofibroblast transition (13,14),
we hypothesize that continuous stress to the wall of
thymic cysts with intralesional bleeding could lead to
tissue remodeling, fibrosis, and subsequent resorption.

© Mediastinum. All rights reserved.

As expected, we found histological evidence of tissue
remodeling (8/18, 44%) and/or pathological wound healing
(16/18, 89%) in an overwhelming majority of cysts, which
may explain the fluctuation in size, CT attenuation, and
MRI signal of these lesions over time and which correlated
with the presence of wall calcification on CT in some of
the cysts in this study and others (4). Similar fluctuations
in benign cyst size have also been reported in other organs
such as the adrenal glands, in which resorption has also
been reported (15).

The cause of initial bleeding in the lesions is unknown. It
may be due to both external (mechanical forces) and internal
(architectural abnormalities) causes. Interestingly, most of
our cases (67%) showed fat necrosis in the surrounding
thymic tissue, which has been associated with mechanical
trauma, infection, and inflammation in other tissue types of
the body (16,17).

Based on these findings and those of preceding literature
(1,4,18), we propose an updated clinical management
algorithm for the finding of an indeterminate round or
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Figure 4 Axial and sagittal non-contrast chest CT images of a 62-year-old woman (A,B) show a 31 mm x 31 mm x 37 mm (TRV, AP, CC),

25 HU isoattenuating lesion, with wall calcification (green arrows). Differential diagnosis includes a rim-calcified, hemorrhagic and/or

proteinaceous thymic cyst, a dermoid cyst, and a cystic thymoma. Resected specimen shows a round cystic lesion with attached remnant of

thymus (C), and internal semi-solid tan contents on sectioning (D). Histologic images of H&E-stained sections of the thymic cyst resection

showing capsule (E, x40 magnification on microphotograph) with collagen fibrosis (black thick arrows), with multifocal calcifications (green

thick arrows), and prominent cholesterol cleft formation in the luminal aspect (black thin arrows). On high magnification, the cystic cavity

(F and G, x200 magnification on microphotographs) contains proteinaceous debris (asterisks), fresh red blood cells (black arrowheads), and

cholesterol clefts (black arrows). On high magnification, the capsule (H and I, x200 magnification on microphotographs) has collagen fibrosis

(short black arrows), cholesterol clefts (long black arrows), hemosiderin deposition (green arrowheads), and calcifications (green arrows). CT,

computed tomography; TRV, transverse; AP, anteroposterior; CC, craniocaudal; HU, Hounsfield units; H&E, hematoxylin and eosin.

saccular, well-circumscribed, homogeneous attenuation
thymic nodule or mass measuring less than or equal to
100 HU on CT (Figure 6).

Our study has several limitations. First, it is retrospective.
Second, there is selection bias which likely yielded a greater
proportion of cysts with hemorrhagic findings than reflect
true prevalence—only resected lesions were examined.
Third, preoperative imaging was not performed on the
same day as the surgery, hence more precise correlation
between imaging findings and histopathology could not
be made. Fourth, the presence of the histological findings
of microbleeding in this study may not necessarily imply
causality.

© Mediastinum. All rights reserved.

Conclusions

We report that a large proportion of completely resected
thymic cysts exhibited histopathological evidence of
microbleeding, remodeling, and wound healing; findings
which correlated with preoperative imaging. Clinicians
and pathologists involved in the diagnosis of these lesions
should be aware that the variable imaging characteristics
and behavior of thymic cysts over time may be secondary to
intralesional bleeding and resorption and that these features,
in the absence of other concerning imaging features, can be
benign. If clinical concern remains regarding the imaging
findings of a probably benign, but indeterminate cystic
thymic lesion, MRI surveillance could be undertaken to
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Figure 5 Axial and sagittal intravenous contrast-enhanced chest CT (A,B) images of a 56-year-old man shows a 56 mm x 41 mm x
46 mm (TRV, AP, CC), water attenuation, unilocular cyst with a calcified wall measuring up to 5 mm in thickness in the right prevascular
mediastinum (green arrows), compatible with a thymic cyst, although a dermoid cyst and cystic thymoma remain considerations. Histologic
images of H&E-stained sections of the completely resected thymic cyst show a fibrotic capsule (C, x40 magnification on microphotograph)
with calcifications (green arrows) and abundant cholesterol cleft formation in the cavity (thin black arrows). On higher magnification (D,
x100 magnification on microphotograph), the cavity contains abundant cholesterol clefts (black arrows), and fresh hemorrhage (asterisks).
The fibrotic capsule (E, x100 magnification on microphotograph) also has cholesterol clefts (black long arrows) and additionally shows
osseous metaplasia and bone marrow formation (black short arrows). The cavity (F, x400 magnification on microphotograph) contains
abundant hemosiderin-laden macrophages with frothy-pigmented cytoplasm (green arrowheads). CT, computed tomography; TRV,
transverse; AP, anteroposterior; CC, craniocaudal; H&E, hematoxylin and eosin.

Indeterminate thymic nodule or mass

on CT
Y
Chest MRI
! ' v
MRI features of a benign Indeterminate, but probably MRI features concerning for
unilocular thymic cyst benign MRI features TET or other malignancy

Persistent clinical concern

y i Y

Y
MRI surveillance for up to 5 years, Consider diagnostic
with widening follow-up intervals, intervention, surgical
No further follow-u
P until evident whether to end follow- resection and/or staging as
up or intervene appropriate

Figure 6 Proposed clinical management algorithm for an indeterminate thymic nodule or mass on imaging. CT, computed tomography;
MRI, magnetic resonance imaging; TET, thymic epithelial tumor.
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Page 10 of 11

confirm benign behavior over time, with the aim to reduce
the rate of non-therapeutic thymectomy.
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Supplementary

Table S1 Morphological aspects evaluated in this study

Gross findings
Gross measurements
Architecture
Unilocular configuration
Multilocular configuration
Cyst Fluid characteristics
Hemorrhagic, tan, or semi-solid
Clear, serous-appearing
Nature of excision
Intact cyst
Disrupted cyst
Presence of grossly identifiable adjacent thymus
Microscopic findings
Epithelial lining
Denudation
Histologic type
a. Flat
b. Cuboidal
c. Pseudostratified
d. Squamous
e. Mixed patterns
Keratinization
Presence of ciliated cells
Histiocytic replacement/lining
Pseudoepitheliomatous hyperplasia
Wall characteristics
Acute inflammatory infiltrate
Cholesterol clefts
Chronic inflammatory infiltrate
Dense lymphocytic rim
Calcifications
Germinal center formation
Giant cell formation
Granulation tissue
Granuloma formation
Hemosiderin deposition
Hyalinosis
Necrosis
Osseous metaplasia
Hassall’s corpuscles in wall
Collagenous fibrosis
Stromal hemorrhage
Eosinophilic infiltrate
Characteristics of surrounding thymus
Fat necrosis
Involution
Lymphoid follicular hyperplasia
True thymic hyperplasia
Microcystic Hassall’s corpuscles
Cyst cavity contents
Cholesterol clefts
Fibrin deposition
Fresh hemorrhage
Hemosiderin
Necrotic material
Pigmented macrophages

Proteinaceous material
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Table S2 Imaging parameters evaluated in this study

General features on CT and MRI
Size in three dimensions (mm)
TRV/AP/CC
Morphology (axial plane)
Round
Oval
Lobulated (non-saccular)
Saccular (non-loculated)
Lobulated/saccular
Nature of cyst - locularity
Unilocular configuration
Multilocular configuration
Indeterminate
Presence of concurrent thymic hyperplasia
Maximum wall thickness (mm)
Wall enhancement
CT features
Attenuation of cyst fluid on CT in Hounsfield units (HU)
Wall morphology on CT
Smooth
Irregular
Nodular
Presence of wall calcification and pattern
Punctate
Circumferential
MRI features
T1-weighted MRI signal of cyst fluid
Hypointense to muscle
Isointense to muscle
Mixed hyper- and isointense to muscle
T2-weighted MRI signal of cyst fluid
Isointense to muscle
Hyperintense to muscle
Mixed hyper- and hypointense
Wall character on MRI
Smooth
Irregular
Nodular
Wall signal on MRI
T1/T2-hypointense

T1-isointense, T2-hyperintense

CT, computed tomography; MRI, magnetic resonance imaging;
TRV, transverse; AP, anteroposterior; CC, craniocaudal.
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Table S3 Resected Mediastinal lesions in a 20-year period

Mediastinal cysts Number of cases (%)

Cystic lesions

Congenital
Bronchogenic 1(1)
Branchial cleft 1(1)
Celomic (pericardial, mesothelial) 1(1)
Epidermal inclusion 1(1)
Thymic 33 (39)
Tracheoesophageal 1(1)
Acquired
Lymphangioma 2(2)
Unclassifiable 1(1)

Cyst-like lesions
Pseudocyst 1(1)

Cystic changes in

Germinoma 2(2)
Hodgkin lymphoma 5(6)
Mature teratoma 6 (7)
Parathyroid adenoma 1(1)
Thymic hyperplasia 1(1)
Thymic carcinoma 6 (7)
Thymoma 16 (19)
Other malignant lesions 6(7)
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Table S4 Thymic cyst findings on preoperative CT and MRI

Parameter Number of cases (%) Mean (+ standard deviation) Median (range)

Size in three dimensions (mm)

OncCT!
cC 43 (+17) 39 (25-75)
TRV 30 (+15) 25 (16-68)
AP 30 (+13) 28 (15-62)
On MR
cC 36 (+17) 34 (16-58)
TRV 30 (8) 33 (18-36)
AP 30 (+13) 39 (17-52)

Morphology (axial plane)

OoncCT!
Saccular, non-lobulated 10 (59)
Saccular, lobulated 5(29)
Round 2(12)
On MRI*
Saccular, non-lobulated 1(25)
Saccular, lobulated 1(25)
Round 1(25)
Lobulated (non-saccular) 1(25)
Locularity
OoncCT!
Unilocular 0
Multilocular 3(18)
Indeterminate 14 (82)
On MRI*
Unilocular 1(25)
Multilocular 3 (75)
Indeterminate 0

Maximum wall thickness (mm)
On CT (mm)* 3 3(1-5)
On MRI(mm)* 3 3(1-5)

Wall enhancement

OncCT' NA*
On MRI* 4 (100)
CT features'

Attenuation of cyst fluid on CT in Hounsfield units (HU)

Non-contrast CT 5 26 25 (20-35)
Contrast-enhanced CT* 13 22 25 (12-43)
Attenuation of cyst fluid on CT =20 HU' 11 (65)

Wall morphology on CT

Smooth 3 (60)
Irregular 1(393)
Nodular 1(33)
Wall calcification 6 (35)
Punctate 4 (67)
Circumferential 2 (39

MRI features*

T1-weighted MRI signal of cyst fluid

Hypointense to muscle 1(25)
Isointense to muscle 2 (50)
Mixed hyper- and isointense to muscle 1(25)

T2-weighted MRI signal of cyst fluid

Isointense to muscle 0
Hyperintense to muscle 3 (75)
Mixed hyper- and hypointense 1(25)

Wall character on MRI

Smooth 2 (50)
Irregular 2(50)
Nodular 0

Wall signal on MRI
T1/T2-hypointense 1(25)

T1-isointense, T2-hyperintense 3(75)

Data are n (%), mean (+ standard deviation), or median (range). 'n=4; 'n=17. o Wall enhancement was not discernible by CT. p 17 of the 18
thymic cysts were imaged by CT; 12/17 by CT with iodinated intravenous contrast, 4/17 by CT without intravenous contrast, and 1/17 by
CT without and with iodinated intravenous contrast. CT, computed tomography; MRI, magnetic resonance imaging; TRV, transverse; AP,
anteroposterior; CC, craniocaudal.
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Box S1 CT and MRI scanner hardware and software used in this study

Medical imaging technique

Hardware/Software

CT

MRI (1.5 Tesla)

GE MEDICAL SYSTEMS LightSpeed ULTRA
GE MEDICAL SYSTEMS LightSpeed VCT
GE MEDICAL SYSTEMS LightSpeed PRO 16
GE MEDICAL SYSTEMS LightSpeed Plus
GE MEDICAL SYSTEMS Discovery CT750 HD
SIEMENS Somatom Sensation 4

SIEMENS Somatom Sensation 40

SIEMENS Sensation Cardiac 64

SIEMENS Somatom Definition Edge
PHILIPS Brilliance 64

PHILIPS 1Qon - Spectral CT

GE MEDICAL SYSTEMS SIGNA EXCITE
GE MEDICAL SYSTEMS SIGNA HDx
GE MEDICAL SYSTEMS Signa HDxt
SIEMENS Aera

CT, computed tomography; MRI, magnetic resonance imaging.
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